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Statistical models can estimate correlation structure between observations in time series and could be used to predict the values of the future outcomes; however, they usually do not explain the causal and feedback relationships leading to the outcome. Conversely, mechanistic models aim to capture complex interaction between underlying factors, but often their calibration and validation is unrealistic and they are not useful for predicting the actual value of the outcome.
Combining statistical and mechanistic models into a semi-mechanistic model can lead to a winning combination. A mechanistic component would identify the shape of causal relationships, while the statistical component partially fits the data unexplained by the mechanistic model. This method proved successful on hard-to-predict nonlinear and noisy time series data. In particular, we present examples of historic epidemic data as well as simulated data, where a combination of neural networks with a mechanistic Susceptible, Exposed, Infected, and Recovered (SEIR) model produces more reliable predictions with less parameterization.
Using historical data on measles epidemics as a case study, we show how this approach can lead to better forecasts, better characterizations of the dynamics, and a better understanding of the factors causing complex population dynamics relative to either mechanistic models or purely descriptive statistical time-series models. We found the semi-mechanistic models to have better forecasting accuracy than either of the model types used in previous analyses when tested on data not used to fit the models. Link: http://www.ncbi.nlm.nih.gov/pubmed/18811317
RTI Author Awards Series
Georgiy Bobashev
